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In this issue of Developmental Cell, Gui and Homer (2013) report that the proper execution of meiosis I in
mouse oocytes requires the stabilization of cyclin B2 by the kinetochore protein Hec1, revealing unantici-
pated functions for both proteins.Progression through M phase of the cell
cycle is controlled by the cyclin-depen-
dent kinase Cdk1. As the name implies,
this kinase is activated by cyclins, pro-
teins whose expression and degradation
are regulated in a cell-cycle-dependent
manner. Cdk1 is activated by B-type
cyclins, which control the G2-to-M and
metaphase-to-anaphase transitions. In
vertebrates, there are two B-type cyclins
that regulate Cdk1 in mitosis. Cyclin B1
is thought to be the predominant cyclin
B because of the severe defects associ-
ated with its removal. In contrast, cyclin
B2 is dispensable for viability: mice lack-
ing cyclin B2 are fertile and relatively
normal but exhibit reduced litter sizes,
suggesting a role for this cyclin in repro-
duction (Brandeis et al., 1998).
Regulation of Cdk1 activity is more
complicated in meiosis as compared
with mitosis. In meiosis, cyclins orches-
trate two distinct rounds of chromosome
segregation without intervening DNA
replication. There is still much to learn
about how cyclins are regulated in
meiosis. The report from Gui and Homer
(2013) in this issue of Developmental Cell
demonstrates an important role for cyclin
B2 in the G2-to-M transition and in the
early stages of acentrosomal spindle as-
sembly in meiosis I of mouse oocytes.
More surprisingly, their work reveals that
stabilization of cyclin B2 by the kineto-
chore protein Hec1 is important for both
of these events during oocyte meiosis I.
The kinetochore is a large multiprotein
machine that directs the segregation
of chromosomes by connecting them to
the microtubules of the spindle (Cheese-
man and Desai, 2008). Hec1 (also known
as Ndc80), a subunit of the Ndc80 com-
plex, is a conserved kinetochore proteinessential for linking chromosomes to
spindle microtubules. Gui and Homer
observed an unexpected contribution of
Hec1 in controlling the meiosis I G2-to-
M transition while depleting Hec1 in
mouse oocytes arrested in G2, releasing
them from the arrest, and monitoring
their progression into M phase. Prior to
the expected chromosome segregation
errors, Hec1-depleted oocytes exhibited
a severe delay in progression into M
phase, as monitored by the breakdown
of the germinal vesicle (the nucleus of
the oocyte). Consistent with this pheno-
type, extracts from Hec1-depleted
oocytes exhibited a decreased ability to
phosphorylate histone H1, indicating a
reduction in active Cdk1. Importantly,
both of these defects were rescued by
expression of human Hec1, indicating
that they do not represent off-target
effects.
Because Cdk1 activity is regulated by
cyclins, Gui and Homer (2013) next tested
which, if any, cyclins were affected by
Hec1 depletion. Contrary to expectations
from prior work, cyclin B1, the dominant
cyclin in mitosis, was unaffected by the
inhibition of Hec1. Instead, cyclin B2
levels were reduced by approximately
50%. Because cyclin B2 was not known
to play a substantial role in regulating
either the mitotic or meiotic cell cycle, it
was an unlikely candidate for contributing
to the Hec1 depletion phenotype. Never-
theless, cyclin B2 depletion resulted in a
cell-cycle delay similar to that seen with
Hec1 depletion. Furthermore, exogenous
expression of cyclin B2 rescued the delay
caused by Hec1 depletion. Together,
these results indicate that an important
role of cyclin B2 in mice is to regulate
the meiotic G2-to-M transition and thatDevelopmental Cthis role unexpectedly involves its stabili-
zation by the kinetochore protein Hec1.
These observations may explain the
reduced litter size observed in cyclin B2
null mutant mice (Brandeis et al., 1998).
The authors next examined the effect
of Hec1 depletion following entry into M
phase of meiosis I. This experiment was
possible because the Hec1 depletion did
not completely inhibit germinal vesicle
breakdown (GVBD; the dissolution of
the nucleus, which signifies entry into M
phase), but instead caused a long delay.
Hec1-depleted oocytes were unable to
form a proper bipolar spindle. Instead,
disorganized microtubules surrounded
clustered, unaligned chromosomes. This
defect was unlikely to result from a lack
of kinetochore function, because kineto-
chores are not required to form bipolar
spindles in oocytes (Brunet et al., 1999;
Deng et al., 2007). Consistent with this,
bipolar spindle formation was rescued
by expression of additional cyclin B2,
indicating that Hec1 stabilization of cyclin
B2 is important for construction of the
meiotic spindle during prometaphase I.
The authors extended this result by
analyzing a mutant of Hec1 that inappro-
priately binds tomicrotubules; this mutant
did not affect bipolar spindle formation
but caused kinetochore-related chromo-
some orientation defects. Thus, the effect
of Hec1 on cyclin B2 stabilization appears
to be a new function, unrelated to its
well-studied kinetochore role. In addition,
the data suggest that cyclin B2 promotes
the meiosis I G2-to-M transition and early
prometaphase spindle assembly.
To explore the mechanism by which
Hec1 stabilizes cyclin B2, the authors
examined involvement of the anaphase-
promoting complex/cyclosome (APC/C;ell 25, April 15, 2013 ª2013 Elsevier Inc. 3
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Previewsthe ubiquitin E3 ligase that targets cyclin B
for destruction by the proteosome). Early
in mousemeiosis I, the APC/C is activated
by Cdh1, and this activity is important for
the prophase I arrest, presumably acting
to restrict cyclin B1 and B2 levels below
the threshold necessary for entry into
M phase (Reis et al., 2006). Cdh1 is
degraded in early M phase, and the
APC/C is reactivated at anaphase by
Cdc20. Inhibition of Cdh1 increased the
abundance of cyclin B2; when combined
with Hec1 depletion, the Cdh1 depletion
restored cyclin B2 to wild-type levels. In
contrast, cyclin B2 was readily degraded
at anaphase coincident with the APC/
CCdc20 substrate securin, despite high
levels of Hec1 at this stage. These results
suggest that Hec1 prevents destruction
mediated by APCCdh1 in prophase and
prometaphase, but not by APCCdc20 in
anaphase. Hec1 and cyclin B2 colocalize
at an unknown structure outside of the
nucleus when Hec1 is likely exerting its
protective function. What exactly this
structure is and how it relates to the stabi-
lization of cyclin B2 is unclear.
The above results suggest that Hec1
protects cyclin B2 either by directly
modulating APC/CCdh1 activity or by bind-
ing to and protecting cyclin B2 from APC/
CCdh1. Because Hec1 is itself an APC/
CCdh1 substrate (Li et al., 2011), competi-
tive inhibition of APC/CCdh1 by Hec1
would be an attractive mechanism for
the protection of cyclin B2. Gui and Hom-4 Developmental Cell 25, April 15, 2013 ª201er (2013) argue against this model based
on their observation that Hec1 overex-
pression failed to increase cyclin B2
levels. While suggestive, this result is not
definitive. Hec1 is tightly complexed with
Nuf2 (Ciferri et al., 2008), and expression
of Hec1 on its own may result in a poorly
folded state that lacks the structure and
activity of native Hec1. As reconstitution
systems for APC/C degradation con-
trolled by Cdh1 and Cdc20 have been
developed (Zhang et al., 2013) and the
Ndc80 complex has been fully recon-
stituted (Ciferri et al., 2008), analysis
of cyclin B2 degradation with and with-
out added Ndc80 complex should
enable direct analysis of the protection
mechanism.
In addition to the question of the mech-
anism of protection, the study by Gui and
Homer raises the bigger question as to
why a microtubule attachment factor
that normally functions at kinetochores is
performing double duty in controlling
Cdk1 activity during entry into meiotic
M phase. One attractive idea is that
such a regulatory mechanism would
synchronize Cdk1 activation to the level
of a critical component that functions after
entry into M phase. Thus, if Hec1 levels
were not sufficient to ensure accurate
chromosome segregation, Cdk1 acti-
vation would be below the threshold
required for entry intoMphase. This could
be tested by injecting excess recon-
stituted Ndc80 complex directly into the3 Elsevier Inc.oocytes and assaying premature GVBD.
Thus, Gui and Homer’s work, in addition
to revealing new roles for cyclin B2 and
Hec1, raises the exciting possibility of
an unanticipated synchronization mecha-
nism that increases the accuracy of
chromosome segregation in the gametes
that transmit genetic information to the
next generation.REFERENCES
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